
011 the basis of a i-ecentlJ- develoged theory f o r  swsptback wings 
a+, s7spe=.so3ic velocities, equatioFs ore derived f o r  the wave drag of 
emp3bezk 5eapsred v~ings w i t h  thPn ssmnetrical doiible-wedge eections 
a t  zero l i f t .  
w2ng m v e  $,rag ere preeented f o r  fanillee of tzpered plan forms. 

Calc-dations of aectlon lave-bag dis t r ibut ions and 

Cistributlans of sect ian weye drag alms the  q n  of taper& 
wZr- are, In General, very similar io shape t o  those of untapeyeb 
plan forms. 
reductLon in  xing kwe-tkag codf i c i en t  with increased sweepback io 
noted for the ent?e mq->e or" &kch z-m%er cmaidered. 
sweep mil taper  r a t io ,  3i;ier ae?ec3 r a t ioe  reduce the xi% wave- 
h g  coezf ic?e;:t a t  sn3stautiall;- m 3 m l t i c a l  sxpersonlc Mach number8 * 
A t  ?v%ch nmbers apyroachhg the crit!.ce?- value, t ha t  is, E value equal 
t o  t i e  secant of tiha' emepimck ange, the  p h : ~  fmms of low aspact 
r e t i o  kave lower &.ag coefficieata, 

F&r,  t? given tapr ratio sn& a m c t  ra t ro ,  an apgreciable 

For a given 

- 

C a l c u k t i m s  fa- ~,ziri;s of equal roct  ben63nn:, stress (and hence 
differeqt ewe-ct i m E t i 0 )  indicate that  t a p r z q  Sie  wing re5uces the 
wbg xwre-3mg coefficient a t  Mach ~ I V Q ~ D ~ ~ S  considerably less than 
t h  c r i t i c a l  value but bxreases  the drag coefficient a t  Mach numbers 
nwr the c i i t i c a l  values. Comparisons cln the bas58 of cosrsthnt aspect 
ratio, hovever, indicate m incroase of tbe ~rizlg kava-drag coefficient 
with taper a t  Mach I?-umbers coasider3b3~ l e s s  than the  cri t ical .  velue 
and a decrease cf the 
m a r  the c r i t i c c l v a l u e .  

coofficient xi"& taper e t  Mac3 nmbers 

-n- r ~ ~ ~ e t r - t  -. CevelopmerAx In a i r f o i l  theory f o r  supersmric speecfs 
[references 1 arid 2 )  i n e c a t e  proaounced fcvoi-able ef fec ts  of s-iiep- 
back on the wave 'drag. 
calculating pressme rh-28 a t  supersonic speeds f o r  swptback a i r f o i l s  

In reZersnce 1, a method is devclqe8  f a r  
- 

"- 



having th in  sectfons a t  zero  lift. 
t o  calculate the suyersonic wave &ag f o r  a se r ies  of uvltapered wings 
with symetr ica l  bicon-fex ai i*foi l  sections 

Reformce 3 applies t h i s  method 

The present paper appl.ios the method of reference 1 t o  derive 
the generalized equations f o r  the section trave drag and :dng wive 
drag of swep'cback tayered tiin@ with thin symuretrical double-tqedge 
section:: a t  zero l i f t .  
wave-&rap, calculations a re  presented f o r  specifFc families of tapered 
r lan forms. The a i r f o i l  sections and wing t i p s  a r e  chosen pa ra l l e l  
t o  the direction of f l i&t .  
tha t  of the lice of maxlinmil tILiclme3s, and the ranae of Mach n&er 
constdered is  betveen 1 and the c r i t i c a l  value corresponding t o  t'ne 
condition vhere the Mach l ines  a re  pa ra l l e l  t o  the maximum-thichess 
l ine ,  tha t  is, t o  a Mach nmber eqw1 t c  the  secant of the sweepback 
angle. 

Section wave-dreg dis t r ibut ions and wing 

The ansle of sveepbacls i s  referred t o  

x, Y, = Cartesian coordimtes 

v velocity i n  f l i & t  dLrection 

P density of a i r  

AP pre B swe iiicr ement 

cp disturbance-velocity potent ia l  

M Mach number 

dz/& slope of a i r f o i l  surface 

a root semichord, meastwed i n  f l-i&t direct ion 

C chord lencth a t  spanwise s t a t ion  y,  meas7ned i n  f l i g h t  
&ire  c t i on . 

t maximum thickness of section a t  spanwise s ta t ion  y 

' I  

. 

* I  
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e n s e  of sweep of %he line of maxinum thickness, Olegreee 

slope of line of maxlrmnn thicknesa ( c o t  A )  

aspect r a t i o  (g) 
tape?! ra t io ,  ratio of t i p  chord t o  root chord 

eection wve-drag coefflcient a t  spanwise station y 
exclusive of ti? effec t  

incremeot :n s e c t i m  vmre-drag coePficie2t e t  spnwiee 
s t a t ion  p due to tip 

nection wave-drzig coefficient a t  spenwise s t a t i m  y 
I 

vins wave-&rag CoefficSent exclusive of tip effect 

incsemnt  i n  Tsdng tlave-drag ioeTficient due t o  t i p  

Subacript s refers t o  con65tions a t  root 
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ANAIXSIS 

NACR l i ~  NO. ~ 7 ~ 2 3 a  

The analysis i o  based. on svpersonic th in -a i r fo i l  theory and on 
the assumptions of mall  disturbances and a constant velocity of 
sound throughout the f l u i d .  These assumpt.ions lead t o  %he linearized 
equation f o r  the velocity potent ia l  cp (reference 4) 

where M i s  the Mach number of the flow and the derivatives a re  
taken with respect t o  the variable8 x, y, and z of the Cartesian- 
coordimte system. It should Be noted tha t  the l inearized theory 
is not expected t o  be applicable nea i  Mach number unity. On the 
basis  of thio l inearized theory, a solut ion f o r  a uniform swept- 
back l i n s  of sources i n  the yressure f i e l d  i s  derived i n  reference 1. 
The pressure f i e l d  associated with t h i s  oolution corresponds t o  
that over  an a i r f o j l  of wedge section. The pres3ure coeff'lcient 
Ap/q a t  a spanwisc s t a t lon  y and point x along the wedge is  

where ml is the slope of the leading edge of  the wing, dz/dx is 
the tangent of the half--weQe angle (approx. equal t o  half-wedge 

angle since the angle i s  small), 
the line source is taken at (0,oj. 

p = (El and the or!gin of 

The dist r ibut ion of pressvre over sweptback wings of  desired 
plan 2cr.n and prof i le  is obtained by superposition of wedge-type 
solutions, I n  order t o  satisfy the boundazy conditionv over the  
surface of a tapered wing of symmetrical double-wedge section, semi- 
i n f in i t e  l i ne  sources ai-e placed a t  the leading arid trailing edge of 
the w i n g  and. a semi-infinite l i n e  sink of  twice the strength is placed 
alcng the l ine  of maximum c h i c h e s s  co  t h a t  a l l  three l ines  in te rsec t  
a t  one poi>%. 
direction, a reversed dictr ibut ion of these l ines  of  sinks and source8 
are  placed so as t o  cancel exactly all ef fec ts  of  the or ig ina l  distribu- 
t i m  far ther  spanwise than thc t i p .  

A t  the tip where the wing i s  cut off i n  the f l i g h t  

Figure 1 shorrs the diotributions 



I 

I '  

i *  
I 
1 
I 

0 

of sinlne and scurcee f o r  a tapered ~ f n g  and i irentifiee &he system 
of axes and the symhols aseocin,tsd 33th Yne derivation of the drag 
e q w t i s m .  

The d i s tu rhnces  causef! by the e l e n m h r y  l i n e  eourcee and 
sinbrs are limited t o  the reglone enclosed by their - . r t d  M a e h  CSnes. 
Figure 2 &om the Mach l k e  conf igra t ion  f o r  t h e  tapered-wing 
p2ai f m  and inillcates the  regions of the %fins effected b:I each 
lLne sowce a& sW. 
win@ considered wi'e i-eetzicted t o  those with no t i p  e f fec ts  other 
than the e f fec ts  each t i p  exer ts  011 i ts  o m  half of the wing. For 
e Wing of taper r e t i o  0, no t l p  e f fec ts  need be considered since 
the Mach liries originating a t  the t i p  do not enclose any part of the 
W a .  

Foz purposes of s b q l i f i c a t i o n  the tapered 

The pressure coefficients obtained from superimosing eolutiane 
of the type shovn in eqwtlon (2) a re  conyerted f ~ t o  drag coeffi-  
c ients  by the  following re la t iom:  

For section drag e t  a epanb-fse etation y 

I 

PTra i lTng edge 

j R  LIS &urd length a t  
the chord pa ra l l e l  t o  the f l i g h t  direction. 

y j  and the integration is performed along 



6 

The vin3 trave-drag coefficient i s  obtained by integrat ing the 
sectj.on drag  along the span and divid.ing the r e s u l t  by the wing 
area,  

where S i s  the ving area, and the integration with respect t o  7 
is  performed a l m g  the span. 

DRJY*WIOi'I OF GETXRf',LIZED EQUATZONS 

By superpcsition of tredy;e-type solutions (equation (2)), the 
pressure f i e l d  is  obtained f o r  a tapered zdng with leading edge, 
t r a i l i n g  edge, and l ine  of maximum thickness sveptback. The drag 
equations a r e  de-ivod f o r  half of the win(; since the drag i s  d i s t r i -  
buted s p m e t r i c s l l j  over botli halves. The induced ef fec ts  of the 
opposite half-vine a re  represented by the conjurJate terms i n  the 
intepands of the irraz integrals .  

For a sjrlmnetrical doub2e-wedge prof i le ,  

vhere t / c  i s  the section thiclaess  r a t i o .  The generalrized equa- 
t ion,  exclusive of t i p  effects,  f o r  the t6ng tmve drag i s  obtaiced 
a s  follotis: 
limits.) 

(See fig. 3 f o r  infoimtioi i  pertinent t o  integration 
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where A, B, and C r e fe r  t o  the pressures resx l t ing  from the  leading 
l i n e  SO?ZTCSS, l i n e  sin.ks, and t ra i . l ing  l i n e  sources, respectively.  

am1 Tho limitint; case ( taper  r a t i o  0)  i s  obtained by l e t t i n g  d = 

and the tdng of constant cliord (taper r a t i o  1.0) i s  obtained- by 
equatinz m - II+, = 9. The i n t e g a t i o n s  i n  equation ( 5 )  are  per- 
formsd and 
wing wave drzg f o r  the complete range of conventional taper (0 5 - taper 
r a t i o  5 - 1.0) a re  presented in  appendix A .  

mo - m1' 

resul t ing fomulas  f o r  the section wve  drag and the 

It mis s ta ted  previously t h a t  the tapered wings considered have 

This implies t h a t  the Mach l ines  from one t i p  do not 
no til, ef fec ts  other than those each t i p  exerts on i t s  own half of 
the wing. 
enclose any par t  of the oppoaite half-wing. 
expressed mathewtically a s  f o l l o w :  

Th i s  condition is 



I 

I '  
I 
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where X is the taper r a t i o  It can 38 seen from 

equations (61 t h t  a i s  simplification does not m a t e r i m y  limit the  
range of Mach number that may be con8idered. For small taser ratio8 
this limiting effect is negligible and for taper r a t io  0 there is no 
limitation whatsoever eince equetions (6) reduce t o  e-ressims that 
are  always valid. 

The mve-drag cantribution of the tip is ( m e  fig. 3) 

3 

I 

3 

f 

I .  
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where D and E re fe r  t o  the p e s s u r c s  resulting, from the lending 
l i n e  sink and l i ne  source, respectivel;r. 

The Nach cone from the t r a i l i n g  l ine  sink a t  the t i p  does not enclose 
aAy par t  of tne  wing alia, hence, has no e f fec t  on the wave drag. 

for the complete range of taper arid the r e s u l t s  a re  presented i n  
appendix B. 
the f olloving relat ions : 

Equation (7) i s  solved f o r  section wave drag and wing wave drag 

The t o t a l  wave-drag coefficients a re  then obtained by 

'7 

i s  ident ical ly  equal t o  zero f o r  a l l  
'Dt ir, It is found. t h a t  

& 

cases sat isfying the aspect-ratio l imitations expressed i n  equa- 
t ions (6) an6, hence, CD = CO, f o r  the tapered- v5ngs considered. 

The conditions impoged i n  equations ( G ) ,  althorn not materially 
l imiting the range of Mach nwfer  for tapere& I&?@, do l i m i t  t o  a 
certain exbent the range of Mach nmiber f o r  low-aspect-ratio wings 
of constant chord. Equation (63) f o r  t h i s  case reduces t o  

z 
Aspect r a t i o  2 - 

- P  

? L = % = % .  since 



I f  

I 

I 

Por mtapereh wJngf3 of aepect r a t i o  2, 1, an3 0.5, the lowest 
Mach a~dzr8  that can be considered wlthont t a p !  in30 account 
a d - d i t i o n a 1  tip e ~ f s c t s  ere 1 . ~ 8 ,  l .kI.4, anii 2.236, reapecti3-6fy. 
It is desixx3l_e, therefore, t o  take in to  consideratioa f a r  mta~~red 
plan forma the izlduced efzects of the oppsite  til &e= m e  Path 
l inea from ane t i p  enclose of opposite W - r . .  F i m  4 
shi>vs the  Mach l b e  co;lfi,vratiom f m  Uese  inthxced effects,  and the  
drag equations are derived In  amen?Ax C. 
ficient; is the2 o'otairzed fra eqwtlon (6) where 

ca888 incluc?-ee the e f fec ts  Muced 3y the  opposlte ti2. 

Tfie vinz wave-drag coef- 
fo2 these 

%p 

Calculations were made f33: families of tapered plan forms, each 
fami l2  characterized by a c a s t a n t  stree2back gf the max5m.-thIcknes8 
line. Tne plan forms were obtained by considering the manent of the 
area about the root  cLor& divided by the  cube of the root chcrrd to 
be emstant for given f&ly. The aspect r a t l o  varies w i t h  
taper r a t i o  because of t h i s  arm-mornent parameter. 

For a constaflt tf-ictness rat 'o the parmeter ,  area rnunxmt 
divided br the  prduct  of tbe r o o t  chord and the square of the root 
thiclmess, is a l so  constant. This condition is htended t o  jlnply 
t h a t  t o  a fj-rst approximition the root  bending s t r e s s  is the same 
f o r  a l l  mem5ers 02' a%- ? d l y  haring the aam thickness r a t io .  A 

t i o n  with taper ratio i s  &otn  i n  f i bwe  5. 
%.€ 4xFpYea *-€mBfF-&-Wm%% Fa-3?* 

Section wave c?rae;.- Section wave-dra3 Us t r ibu t i ans  for Wzngs 
of taper r a t i o  9 0.5, and 1.0 a r e  p r e s a t e d  in f igures  6 t o  10 far a 
Mach nwnber of 1.414 and svee2back of 60°. The a s t r i b u t i o n s  of 
sectian mve drag of tapered em are, in  general, very similar to 
those of untapered plan forms. As a poLnt of Taterest, the indaced 
e f fec t s  of the opposite half-wing and the t i p -e f f ec t  distr5butian 
a r e  shown In figure 10 a s  separate curves. The total section wave- 
drag d3stribution i s  then ob ta ind  'by aCdlag the t i p  drag curve t o  
the  sol id- l ine curve. The t i p  effect is placed correctly a s  shown 
for a *g of awe& r a t i o  1.0; for e vLng of amec t  r a t i o  2, this 
t i p  drag dist r ibut ion should be &if+& 1 semichord t o  the r igh t .  
It is seen by reference t o  f i w e  5 t ha t  f igures  6,  8, md 10 

of wings and t ha t  figures 7, 9,  an& 10 ( f ig .  10, A = 2) are  far 
another famil;. of I&ZB vhose aspect r a t i o s  a r e  twice a s  large, 
respectively. 

I 

(9.1.- 'tn A - 1 1  --,.-L*,.- -olI--~uor.  aia+r:hrl+.inrnc. P ~ W  ma ~ m m - ~ l v  *Ab* & U p  A - i t  U J . W  O U b V I V L A  IIL4.V UiUe - L 3 V I - C Y L L Y I V I * Y  +w+ --Y *-y 



It i s  interest ing t o  note a t  t h i s  point t ha t  f o r  a given Mach 
number the  section wave-drag coefficiexit a t  the root i s  a function 
of the svaep of the mximm-thickness l i n e  only; the term3 involving 
leading-e3ze svesp ciLding u.2 t o  zero. 
i n  appeidix A foil y = 13. ) 

(See section drag equation 

Ving wave drzg.- T;-pical v a 5 a t i o m  of ving mve-drag coeffi-  ----- 
c ien t  v ikh  Mach nmnber f o r  ~rings of taye-c r a t i o  0 and taper  r a t i o  1.0 
of the same family a re  shown i n  f i w e s  11, 12, and 13 foi* 50°, 60°, 
and TO0 sweepback, respectively. A t  some Mach number between 1.0 
and the  c r i t i c a l  value (Mcri t ical  = ssc A), the  b a g  curve f o r  the 
tapered r ing  has a discontinuous slope. 
a t  that  Mach nmber corresponding t o  the condition There the r ea r  
Mach l ine crosseo the t ra i l ing,  edge of the wing, t ha t  is, there 

This discontinuity occurs 

I n  th i s  region an& near the cr i - t ical  Mach nutnber (B = k), the  

theory 18 not expected t o  be applicable because the assumption of 
small distvrbances is  violated, buA the r e su l t s  a r e  presented i n  
order t o  give a lilore complete picture  of the l inearized theory. 

It i s  seen from f igures  11 t o  13 tha t  taper  reduces the  wing 
wave-drag coefficient a t  h c h  nmbers su5stantiall;r below the 
c r i t i c a l  value but increases the drag coefficient a t  Mach numbers 
approaching the c r i t i c a l  value. This trend is  similar t o  the  one 
shown by the effect  of high aspect r a t i o  on the wave-drag coeffi-  
c ien t  o f  wings f o r  a given taper r a t i o .  
t h a t  f o r  the families of tapered wings considereci. i n  these calcula- 
tions, however, the wings t35th greater taper have higher aspect 
r a t i o s  and, hence, the e f fec ts  of aspect r a t i o  a s  t r e l l  a s  taper 
a re  included i n  t h i s  trend. 

It must be remembered 

Variations of wing wave-&ag coefficient with taper r a t i o  f o r  

The untapered >sing f o r  t h i s  f a m i l j .  has an aspect r a t i o  

For a given sweep angle, 

different stmepback anGles a t  a Mach number of 1.2 a re  shotm i n  
f igure 14. 
of 1.0 end the  variations of aspect r a t i o  with taper r a t i o  a re  
presented i n  tabular form i n  the figure.  
the wing of taper r a t i o  0 has the lovest  drag coeff ic ient  and the 
untapereC wing the highest. As the Mach nmber approaches the 

c r i t i c a l  value (B = k), t h i s  trend muld  revel-se i t s e l f  and the 
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untapared wing would have the laje~lt drag coefficient aa can be 
e e ~ n  by reference t o  figures =to 13. It is alao evident frcan 
figure 14 that f o r  a @yen %tiger r a t i o  and a q c t  r a t io ,  an 
amreciable  reduction i n  wing wive-drag coefficient i s  accoqplrahed 
with increased eweepbeck. 

Figure 15 presents var ia t lom of whg ism-drag coefficient 
W A &  taper r a t i o  for three families of w i n g 8  baaed on untapersd plan 
form of aspect r a t i o  0.5, 1, and 2, reLqwctively. The results a m  
presented far 60° sweepback and a Mach rimer of 1.414. 
bails of t he  wings are presented in tabular farm in the  figure t o  
f a c i l i t a t e  interpretaticm of t h e  plot ted curves. The a forement id  
trend of reduction Fr+ wing wave-drag coefficient associated with 
high aspect r a t i o s  a t  Mach numbers substant ia l ly  below the cr i t ica l  
Mach number far a givea taper ratio is clear ly  eeen in this figure. 
By choosing points along these curve8 corresponding t o  w i r g p  of' the 
eame aspect r a t io ,  it is seen that  f o r  a constant aspect r a t i o  
tapering the increeses the wing Wave-mg coefficient.  By a 
slmilar procedure it can be shown t h a t  for 
ratic) taper reduces the wing wave-drag coefffcient at Mach numbers 
near the c r i t i c a l  value. The increaee ia aspect r a t i o  with taper 
r a t i o  defined by the WealPcBllEfnt parameter thus ha3 the effect of 
offset t ing the adveree ef fec ts  of taper a t  the lower Ma& nrpabers. 

--- a. 

Pertinent 

of canstant aspect 

1. Distributions of section wave drag along the span of-tapere 
wbgs are, 3x1 gemmi, Very sXm€lar in kiape t o  those of Untapered 
p h n  f m .  

2. The section wave-drag coefficient a t  the root  I 0  a function 
of the Mach nuniber and the sweep of the maximUm-thickness line and 
is independealt of taper. 

3. The incremmt in wing wave-drag coefficient catwed by the 
t i p  is identically equal t o  zero for a l l  tapered and untapered win@ 
f o r  ihich the Mach Lines fkm one t i p  do not enclose arq part of 
the opposite half-wing . 

4. Far wins  of equal root  benCiIg strees, taper reauces the 
wing wave-bag coefficient a t  Mach numbers considerably lees than 
the c r i t i c a l  value - t ha t  is, a value equal t o  the secant of the 
E?*!sepkzk =@e = bU% iricreaees tine drag coefficient a t  Mach numbers 
near the c r i t i c a l  value. 



14 NACA 134 NO. u ~ 2 3 a  

5.  For wings of constant aspect ratio, taper increases the wing 
vave-cimg coefficient a t  Mach numbers considerably below the c r i t i c a l  
value and decreases the wing wave-drag coefficient a t  Mach numbers 
near the  c r i t i c a l  value. 

6. For a given taper  r a t i o  and aspect r a t io ,  an appreciable 
reduction i n  wing wave-drag coef3icient with increased sweepback is 
noted for the en t i r e  range of Mach nmbcr considered. 

7. For a given sweep and tanor r a t i o ,  higher aspect r a t i q s  
reduce the  wing wave-drag coefficient a t  substant ia l ly  subcr i t ica l  
Mach numbers. 
plan forms of l o v  aspect r a t i o  have lower drag coefficients.  

A t  Mach nmbers approaching the c r i t i c a l  value, the  

The generalized eqmtions presented. in the appendixes may be 
w e d  t o  calculate the subcr i t ica l  supersonic wive drag a t  zero lift 
f o r  any conventionally tapered or untapered wing with sylmnetrical 
double-wedge a i r f o i l  sections and wlth leading edge, t r a i l i n g  edGe, 
and l ine  of maximum thickness miptback. 

Langley Memorial Aeronautical Laboratory 

Langley Field, Va , 
National Advisory Committee for Aeronautics 



section Drag for 

= A + B  

= A + B + C  

= A + B + C + D  

0 <, Taper Ratio < 1 

for 
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= A + B  

Wing Drag for 0 < Taper Ratio < 1 

= A i B + C  

= A + B  + C + D 

f o r  

where 

f- 
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%* - mo2 J 

%en 1 - %‘f32 ie negative neglect term marked with asterisk 

-d2%2 coah- 1 1 + q 2 p 2 )  in d u e s  for A a d  me t he  relatian- 

ship cos-% = -i cosh’k for all terms involving 

multiplication factor. 

as 1 ( *m, 

ifi - 
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For P = - ’, me A + B  plus 
% 
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8 .  

Secticm Drag for Taper Ratio 1.0 

= A + B  

P A + B + C  

-1 Y(l - a".o'> + aq) - 2a coeh 

and 
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Wing Drag f o r  Taper Ratio 1.0 

= A + B  

= A + B + C  

where 

( l + P  2 2  % )d+ a 
2amo $1- P%2)d2+ *ad+ a 2 -1 +mg(2d+ a)2  cosh - 

P4,(2d+ a) 

(1+ P\2)d+ 2a 

2P%(d+ a )  
i m  -%(a+  a ) 2  cosh-l 



and 

When @.I- ' use the following expreesion 
%' 
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EVUUATIOI’T OF EQUATION (7) FOR TIP IB’Ji’ECTS I - r -4 
Section Drag Incrcmerit f o r  0 < Taper Ratio < 1 

For aspect-ratio limitationo, see eqmtions (6) 

where 



i 

01 

3 
8$ 

i 6) 
I 

c 
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where 

There is no tip effect whatsoever for the  wing of taper ratio 0, 
and the increment in wing wave drag caused by the tip is identically 
equal to zero for a l l  cases satisfying these aspect-ratio limitations. 



I 
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Case If 

2 2' 
2 2a - a(i - % p 1 

2aDng 
- a % cosh 



I .  
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x + I  

9 a 
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I 
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The lower limit f o r  y is changed t o  0 i n  the first in tegra l  
of cam 111 ana tlia resul tant  expression f o r  the drag is 

r 
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Case V 

1 % O C A < -  and A <  
28 13. B% 

All four  lower limits f o r  j .  are  cbzr?gs6 to 0 in case III. 

- 2dl 
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Fig. 8 NACA RM No. L7E23a 

NATIONAL ADVISORY ’’ COMMITTEE FOR AERONAUTICS 

Figure 8.- Section wave-drag distribution f o r  wing of t ape r  ra t io  0.5. 
Mach number,  1.414; aspect ra t io ,  1.63; sweepback angle, 60’. 
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